Cluster Type Methodologies for Grouping Data  by Ştefan, Raluca-Mariana
 Procedia Economics and Finance  15 ( 2014 )  357 – 362 
Available online at www.sciencedirect.com
2212-5671 © 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Emerging Markets Queries in Finance and Business local organization
doi: 10.1016/S2212-5671(14)00438-9 
ScienceDirect
(PHUJLQJ0DUNHWV4XHULHVLQ)LQDQFHDQG%XVLQHVV
&OXVWHU7\SH0HWKRGRORJLHVIRU*URXSLQJ'DWD
5DOXFD0DULDQD܇WHIDQD
aAcademy of Economic Studies, Bucharest, 6 Piata Romana, Romania  
$EVWUDFW
,QDFRQWLQXRXVO\FKDQJLQJZRUOGJOREDOHFRQRP\DQGDSHUPDQHQWLQFUHDVLQJO\DPRXQWRIGDWDLVLPSRUWDQWWRXVHDFOXVWHU
W\SHPHWKRGRORJ\WRJURXSWKHVHGDWDLQRUGHUWRH[WUDFWUHOHYDQWLQIRUPDWLRQ7KHWZRPDMRUW\SHVRIFOXVWHULQJDOJRULWKPV
WKDWDUHIUHTXHQWO\XVHGDUHFKDUDFWHUL]HGDVKLHUDUFKLFDODQGSDUWLWLRQLQJ
7KHVHPHWKRGVDUHDEOHWRGHWHFWFOXVWHUVWUXFWXUHVWKDWH[LVWLQHFRQRPLFGDWDLIDOJRULWKPVUHVXOWVDUHYDOLGDWHG$PHWKRG
WRYDOLGDWHDFOXVWHULQJDOJRULWKPLVUHSUHVHQWHGE\DQDO\VHVRIHPSLULFDOGDWDVHWV
'LYHUVHPHWKRGRORJLHVDUHDYDLODEOHIRUGLIIHUHQWW\SHVRIGDWDDQGWKLVSDSHUSUHVHQWVDVWXG\RYHUWKHPDLQFOXVWHUW\SH
PHWKRGRORJLHVIRUJURXSLQJGDWDDQGKRZWREHQHILWIURPWKHPLQWKHHFRQRPLFILHOG

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI(PHUJLQJ
0DUNHWV4XHULHVLQ)LQDQFHDQG%XVLQHVVORFDORUJDQL]DWLRQ

Keywords: GDWDFODVVLILFDWLRQXQVXSHUYLVHGFODVVLILFDWLRQFOXVWHUW\SHPHWKRGRORJ\FOXVWHULQJDOJRULWKP
,QWURGXFWLRQ
&OXVWHUW\SHPHWKRGRORJLHVIRUJURXSLQJH[LVWLQJDQGUHDOGDWDWKDWDUHKHWHURJHQHRXVDQGFRPSOH[UHSUHVHQW
DQ LQWHUHVWLQJVXEMHFW WR UHVHDUFKHUVDQGVSHFLDOLVWV'DWDFODVVLILFDWLRQ LVD WHFKQLTXHXVHG WRFDWHJRUL]HDQG
H[WUDFWUHOHYDQWDQGLPSRUWDQWLQIRUPDWLRQIURPDYDLODEOHGDWD
,QRUGHU WRREWDLQ WKHEHVW UHVXOWVRQHVKRXOGNQRZZKDW WKHRSWLRQVDUHDQGZKDWDUH WKHDGYDQWDJHVDQG
DOVR WKH GLVDGYDQWDJHV IRU HDFK RI WKHP VR LW FDQ EH FKRVHQ WKH RSWLPDO PHWKRG $ QXPEHU RI FOXVWHU
PHWKRGRORJLHVDUHDYDLODEOHLQOLWHUDWXUHDQGDJURXSRIWKHVHLVSUHVHQWHGLQWKLVSDSHU1XPHURXVSDSHUVH[LVW
DQGKDYHRYHUYLHZHGWKHILUVWFOXVWHULQJPHWKRGRORJLHVDQGWKH\DUHQRWUHSHDWHGKHUH6RPHRIWKHPRVWUHFHQW
DQGLQQRYDWLYHPHWKRGVDUHGHVFULEHG


&RUUHVSRQGLQJDXWKRU7HO
E-mail address: UVWHIDQ#\DKRRFRP
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Emerging Markets Queries in Finance and Business local organization
358   Raluca-Mariana Ştefan /  Procedia Economics and Finance  15 ( 2014 )  357 – 362 
7KXV WKHGLIIHUHQFHV LQDVVXPSWLRQVDQG LQ WKHFRQWH[WDPRQJGLIIHUHQWDQGFRPSOH[UHVHDUFKHVFDXVHGD
QXPEHURIFOXVWHULQJPHWKRGRORJLHVDQGDOJRULWKPVWREHGHILQHG6DOYDNXPDUDQGDORWRIFRPELQLQJ
PHWKRGVWKDWFDQEHXVHG
$6HWRI5HFHQW&OXVWHULQJ0HWKRGRORJLHV
$'LYLGHDQG0HUJHPHWKRGRORJ\IRUFOXVWHULQJGDWDWKDWSXWWRJHWKHUDWRSGRZQGLYLGHVWHSDQGDERWWRP
XSPHUJHVWHSZDVSUHVHQWHGE\&KHQJ.DQQDQ9HPSDODDQG:DQJLQ3UHYLRXVDOJRULWKPVSURSRVHG
HLWKHUXVHV WRSGRZQRUERWWRPXSPHWKRGV WRFRQVWUXFWDKLHUDUFKLFDOFOXVWHULQJRUSURGXFHD IODWFOXVWHULQJ
XVLQJORFDOVHDUFK&KHQJHWDO7KHWZRVWHSVRIWKLVPHWKRGRORJ\DUHDGLYLGHVWDJHWKDWFRQVWUXFWVD
KLHUDUFK\ E\ DSSO\LQJ D FOXVWHULQJ DOJRULWKP DQG DPHUJH VWDJH WKDW LV DSSOLHG WR WKH RXWSXWV UHVXOWHG IURP
GLYLGHVWHS7KHRXWSXWVRIWKHPHUJHVWDJHUHSUHVHQWDWUHHZKHUHWKHQRGHVDUHWKHREMHFWV'LYLGHSKDVHXVHVD
VSHFWUDODOJRULWKPDSSOLHGRYHUDPDWUL[KDYLQJURZVDVREMHFWVDQGFROXPQVDVREMHFW IHDWXUHV VLPLODULW\ LV
PHDVXUHGE\ WKH LQQHU SURGXFW RI WKH WZRYHFWRUV UHSUHVHQWLQJ WZRREMHFWV DQG WKH DOJRULWKP LV EXLOGLQJ DQ
REMHFWKLHUDUFKLFDOFOXVWHULQJ0HUJHSKDVHORRNVXSIRUWKHRSWLPDOREMHFWJURXSLQJWKDWFDQEHPDGHRYHUWKH
WUHHREWDLQHG IURP WKHGLYLGHSKDVH7KLVPHWKRGRORJ\ZDVSURYHG WREHHIILFLHQWZKHQGLYLGHSKDVHXVHVD
VSHFWUDODOJRULWKPDQGPHUJHSKDVHXWLOL]HVG\QDPLFSURJUDPPLQJIRUPXODWLRQVWKDWFRPSXWHWKHRSWLPDOWUHH
UHVSHFWLQJFOXVWHULQJIRUVWDQGDUGREMHFWLYHIXQFWLRQV&KHQJHWDO
7LPH VHULHV DUH PDGH RI UHDO GDWD DQG D ORW RI WKHVH GDWD DUH XVHG LQ HFRQRPLFV ,Q RUGHU WR RSWLPDOO\
GHVFULEH WKHPDLQ FKDUDFWHULVWLFV RI FRQVLGHUHG VHW RI GDWD D UHSUHVHQWDWLRQ DV FOXVWHUV LV QHHGHG&OXVWHULQJ
PHWKRGRORJ\ IRU WLPH VHULHV GDWDPLQLQJ DQGGHILQLWLRQRI WZR WLPH VHULHV VLPLODULW\PHDVXUHV DUH JLYHQE\
*UDEXVWVDQG%RULVRY LQ7ZRWLPHVHULHVVLPLODULW\PHDVXUHVXVHGDUH(XFOLGHDQGLVWDQFHDQG/RQJHVW
&RPPRQ6XE6HTXHQFH/&66GLVWDQFH7ZRWLPHVHULHVREMHFWVVLPLODULW\ LVJLYHQE\ WKHQRQRYHUODSSLQJ
WLPHRUGHUHGVXEVHTXHQFHVWKDWDUHVLPLODUDQGWKHUHVXOWVHVWDEOLVKHGWKDW/&66PHWKRGJLYHVEHWWHUUHVXOWVLQ
WKH GHWHFWLRQ RI WLPH VHULHV VLPLODULW\ WKDQ WKH (XFOLGHDQ GLVWDQFH *UDEXVWV %RULVRY  .PHDQV
DOJRULWKPUHVXOWVZHUHFRPSDUHGWRWKRVHREWDLQHGDIWHUDSSO\LQJ/&66PHWKRGDQGWKH\FRUUHVSRQGHG7KLVLV
DSURRIWRWKHIDFWWKDW/&66PHWKRGLVDGHTXDWHIRUFOXVWHULQJ
$ PHWKRG IRU LPSURYLQJ FOXVWHU TXDOLW\ LV .QRFNRXW 5HILQHPHQW $OJRULWKP .5$ WKDW UHILQHV RULJLQDO
FOXVWHUVREWDLQHGE\DSSO\LQJ620DQG.0HDQVFOXVWHULQJDOJRULWKPV%KDWLD'L[LW.5$$OJRULWKP
LVEDVHGRQWDEOHRIFRQWLQJHQF\DQGREMHFWVGLVWDQFHVDUHFRPSXWHGIRUWKHLQLWLDOFOXVWHUVDQGIRUWKHUHILQHG
FOXVWHUVVRWKDWWKHTXDOLW\RIFOXVWHUVFDQEHFRPSDUHGLQWHUPVRIGLVWDQFHVDVVLPLODULW\PHDVXUHV$IWHUXVLQJ
.5$WRUHILQHLQLWLDOFOXVWHUV'%LQGH['XQQ¶VLQGH[SUHFLVLRQUHFDOODQG)PHDVXUHZHUHXVHGWRYDOLGDWH
WKHUHVXOWVIRURULJLQDOFOXVWHUVDQGIRUUHILQHGFOXVWHUV%KDWLD'L[LW7KLVDOJRULWKPLVVFDODEOHDQGFDQ
EHDVVRFLDWHGZLWKFOXVWHULQJDOJRULWKPVEXWWKHSHUIRUPDQFHVDUHGDWDGHSHQGHQWDQGWKLVIDFWPXVWEHWDNHQ
LQWRFRQVLGHUDWLRQZKHQDSSOLHG
&OXVWHULQJPHWKRG620$. LV FRPSRVHGE\6HOI2UJDQL]LQJ0DSV 620 IROORZHGE\ WKH$QW.PHDQV
$.DOJRULWKP6RX]DHWDODQG LVGLIIHUHQWEHFDXVH LW IRFXVHGRQ WKHGDWDFOXVWHUVVWUXFWXUHQRWRQ
ILQGLQJRSWLPDOGDWDFOXVWHUV7KHDXWKRUVKDYHDSSOLHGIRXUWHFKQLTXHVNPHDQVDOJRULWKP620620DQG
NPHDQV 620. DQG 620 DORQJ ZLWK $QW NPHDQV 620$. LQ RUGHU WR SURYH WKHLU SURSRVHG PHWKRG
SHUIRUPDQFH$QWNPHDQV$.ZDVSURSRVHGDVDPHWDKHXULVWLFVROXWLRQIRUKDUGFRPELQDWRULDORSWLPL]DWLRQ
SUREOHPV 6RX]DHWDO620$.XVHV620WRFODVVLI\ LQSXWGDWDFKDUDFWHULVWLFV IRUPLQJDELJ VHWRI
IHDWXUHV7KHVHIHDWXUHVDUHXWLOL]HG WREHFRPELQHGDVFOXVWHUV LQ WKHQH[WSKDVH([SHULPHQWDO WHVWVVKRZHG
WKDW620.UHVXOWVDUHSRRUHUWKDQ620$.UHVXOWVVRWKLVPHWKRGLVDUREXVWRQHDQGLWKDVWZREHQHILWVLW
UHGXFHVWKHVL]HRIWKHFOXVWHUVDQGDOVRUHGXFHVWKHFRPSXWDWLRQDOFRVW
0L[HGW\SHYDULDEOHVWKDWFKDUDFWHUL]HGDWDDUHW\SLFDOIRUVRFLDODQGHFRQRPLFFODVVLILFDWLRQDQGWKHUHDUHD
QXPEHURI DSSURDFKHV WRFOXVWHU DQDO\VLV LQ WHUPVRI FRPSDULVRQ7KHGHVLJQRI DQDSSURSULDWHGLVVLPLODULW\
PHDVXUHDQGWKHHVWLPDWLRQRIWKHQXPEHURIFOXVWHUVUHSUHVHQWDQLQWHUHVWLQJVXEMHFWWRFRPSDUHWKH%D\HVLDQ
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LQIRUPDWLRQ FULWHULRQ ZLWK GLVVLPLODULW\EDVHG FULWHULD +HQQLJ /LDR  7KH FRPSDULVRQ LV EDVHG RQ D
SKLORVRSK\RIFOXVWHUDQDO\VLVUHJDUGLQJWKHSUREOHPRIFKRRVLQJDQDGHTXDWHFOXVWHULQJPHWKRGIRUWKHVWXGLHG
SUREOHPE\FRQVLGHULQJGLUHFWLQWHUSUHWDWLRQVRIWKHLPSOLFDWLRQVRIWKHPHWKRGRORJ\XVHG+HQLJ/LDR
,QRUGHUWRSURYHWKHLUSKLORVRSK\DXWKRUVKDYHDSSOLHGFOXVWHULQJPHWKRGRORJ\WRHFRQRPLFGDWDUHJDUGLQJD
86 6XUYH\ RI &RQVXPHU )LQDQFHV 7KH UHVXOWV VKRZHG WKDW WKH FOXVWHUV IRUPHG EDVHG RQ WKH GDWD DUH QRW
FRQQHFWHGVWULFWO\WRRFFXSDWLRQDOFDWHJRULHVOLNHLWZDVSUHVXPHGLQWKHOLWHUDWXUHXQWLOQRZ
7KH OLPLWDWLRQV RI NPHDQV FOXVWHULQJ OLNH H[WHQGHG H[HFXWLRQ WLPHZHUH WULHG WR EH IL[HG E\ XVLQJ WKH
SURSRVHG UDQNLQJ PHWKRG .DXU HW DO  $ PHWKRG EDVHG RQ UDQNLQJ ZDV PHDQW WR LPSURYH WKH
SHUIRUPDQFHRINPHDQVFOXVWHULQJDOJRULWKPDQGWKHUHVXOWVKDYHEHHQFRPSDUHGWRWKHFODVVLFDOPHWKRGRIN
PHDQV WKH UDQNLQJ EDVHG NPHDQV DOJRULWKP SURGXFHG JRRG UHVXOWV WKDQ WKH UHVXOWV REWDLQHG DIWHU DSSO\LQJ
FODVVLFDO NPHDQV DOJRULWKP5DQNLQJ IXQFWLRQSURYLGHV DQ RSSRUWXQLW\ IRU WKH UHVXOWV RI NPHDQV FOXVWHULQJ
DOJRULWKPWREHRSWLPL]HG7KHH[LVWHQFHRIVRPHVLPLODUREMHFWVOHDGVWRWKHQHHGRIIRUPLQJRQHFOXVWHURXWRI
WKHVHREMHFWVVRUDQNLQJPHWKRGZDVDSSOLHGRYHUWKHGDWDFKDUDFWHULVWLFV.PHDQVDOJRULWKPZDVFKRVHQWREH
DSSOLHGRYHUDVHWRIGDWD,QRUGHUWRJHWDELJJHUOHYHORIHIILFLHQF\DQGUHOHYDQFHWRWKHLQIRUPDWLRQH[WUDFWHG
IURP FOXVWHU WKH UDQNLQJ PHWKRG EDVHG RQ WKHLU FKDUDFWHULVWLFV ZDV DSSOLHG DQG WKLV SURSRVHG FOXVWHULQJ
PHWKRGRORJ\SURYHGLWVH[FHOOHQFH
$ PXOWL ± OHYHO FOXVWHULQJ 0/& DOJRULWKP WKDW XVHV WKH WHFKQLTXH RI DOWHUQDWLYH GHFLVLRQ WUHH $'7
PHWKRGSURYHGLWVHIILFLHQF\E\UHGXFLQJFRPSXWDWLRQDOFRPSOH[LW\DQGWKDWOHDGVWRDFRQVLGHUDEOHUHGXFWLRQ
RIWLPH7KHPHWKRGLVPRUHUREXVWDQGHDV\WRJHWWKHDFFXUDWHVROXWLRQIRUDSUREOHPIURPWKHUHDOFRPSOH[
HFRQRPLFZRUOGWKLVPHWKRGRIIHUVPRUHDFFXUDF\RIFOXVWHUGDWDZLWKRXWPDQXDOLQWHUYHQWLRQDWWKHWLPHRI
FOXVWHUIRUPDWLRQ*RWKDL%DODVXEUDPDQLH

0RVW)UHTXHQWO\8VHG$OJRULWKPVIRU&OXVWHU7\SH0HWKRGRORJLHV
7KHUHLVDYHU\ODUJHFOXVWHURIJURXSVWKDWDUHIRUPHGE\FOXVWHULQJDOJRULWKPVDQGLWZLOONHHSRQJHWWLQJ
ODUJHU DV ORQJ DV WKHUH ZLOO FRQWLQXH WR EH DQ LQFUHDVLQJO\ TXDQWLW\ RI GDWD ZDLWLQJ WR EHFRPH UHOHYDQW
LQIRUPDWLRQDQGNQRZOHGJH7KHPRVWIUHTXHQWO\XVHGPHWKRGVZHUHVHOHFWHGDQGWKHLUSKDVHVDUHGHVFULEHG
3.1. K-means Algorithm 
6WHS&KRRVHLQLWLDOYDOXHIRUNDQGREMHFWSRLQWVUHSUHVHQWLQJWKHLQLWLDOFHQWURLGVRIWKRVHNFOXVWHUV
6WHS. (DFKREMHFWSRLQWLVDVVLJQHGWRWKHFOXVWHUWKDWKDVWKHFHQWURLGWKHFORVHVWWRWKDWREMHFW
6WHS&RPSXWHDJDLQWKHSRVLWLRQVRIWKHFHQWURLGVDQGFRQWLQXHWRGRWKDWXQWLODOOREMHFWSRLQWVKDYHEHHQ
DVVLJQHGWRDJURXS
6WHS5HSHDWVWHSDQGVWHSXQWLOWKHFHQWURLGVGRQRWFKDQJHDQ\PRUHVRWKDWWKHPLQLPL]HGGLVWDQFH
EHWZHHQWKHPFDQEHFRPSXWHG
3.2. SOM Algorithm 
6WHS$VVLJQUDQGRPYDOXHVWRWKHZHLJKWYHFWRUVRIDQHXURQ
6WHS3URYLGHDQLQSXWYHFWRUWRWKHQHWZRUN
6WHS7UDYHUVHHDFKQRGHLQWKHQHWZRUNILQGVLPLODULW\EHWZHHQWKHLQSXWYHFWRUDQGWKHQHWZRUN¶VQRGH¶V
ZHLJKWYHFWRUXVLQJ(XFOLGHDQGLVWDQFHDQGILQGWKHQRGHWKDWSURGXFHVWKHVPDOOHVWGLVWDQFHZKLFKLVDVVLJQHG
DVWKH%HVW0DWFKLQJ8QLW%08
6WHS8SGDWHWKHQRGHVLQWKHQHLJKERUKRRGRIWKH%08E\FKDQJLQJWKHZHLJKWV%KDWLD'L[LW
360   Raluca-Mariana Ştefan /  Procedia Economics and Finance  15 ( 2014 )  357 – 362 
3.3. Hierarchical clustering 
6WHS&DOFXODWHWKHGLVWDQFHEHWZHHQWKHVHWREMHFWVDQGSXWWKHUHVXOWVLQDPDWUL[
6WHS)LQGLQWKHPDWUL[WKHHOHPHQWWKDWKDVWKHVPDOOHVWYDOXHLH WKHPLQLPXPGLVWDQFHEHWZHHQWZR
REMHFWV
6WHS&RPELQHWKHWZRREMHFWVDQGIRUPDFOXVWHU
6WHS  7KH QHZ HOHPHQWV RI WKHPDWUL[ DUH YDOXHV RI WKH GLVWDQFHV FDOFXODWHG EHWZHHQ WKH QHZ IRUPHG
FOXVWHUDQGWKHUHVWRIWKHFOXVWHUV
6WHS5HSHDWVWHSXQWLODOOREMHFWVEHORQJWRDFOXVWHU

$SSO\LQJ+LHUDUFKLFDO&OXVWHULQJ0HWKRGRORJ\WR*URXS&RXQWULHV
0DQ\ DSSOLFDWLRQV LQ GLIIHUHQW GRPDLQV UHTXLUH DQ LQVWUXPHQW OLNH FOXVWHU DQDO\VLV WHFKQLTXH DQG WKH
HFRQRPLFILHOGPDNHVQRH[FHSWLRQ
&RQVLGHULQJWKDWFOXVWHULQJDOJRULWKPVDUHFODVVLILHGDFFRUGLQJWRWKHLUPHWKRGWRJURXSGDWDWKH\DUH
x 3DUWLWLRQDODOJRULWKPVWKHZHOONQRZQNPHDQVDOJRULWKP
x +LHUDUFKLFDODOJRULWKPVDJJORPHUDWLYHDQGGLYLVLYH
x 'HQVLW\EDVHGDOJRULWKPV
x *ULGEDVHGDOJRULWKPV
7KHUHDUHPDQ\FRPSDULVRQVDQGDVSHFLILFRQH LVPDGHEDVHGRQ WKHIROORZLQJIHDWXUHVRI WKHFOXVWHULQJ
DOJRULWKPV
x 7KHW\SHRIWKHGDWDWKDWWKHDOJRULWKPVXSSRUWVQXPHULFDOFDWHJRULFDO
x 7KHVKDSHRIFOXVWHUV
x $ELOLW\WRKDQGOHQRLVHRURXWOLHUV
x ,QSXWSDUDPHWHUV6DOYDNXPDU
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Fig. 1. Dendrogram of the 26 countries clustered by development economic indicators data - Ward’s method (source: author’s Matlab 
output)
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